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Abstract 
 
The objectives of the present study were to find the prevalence of foramen of Vesalius and to discuss its morphology. 
The embryological basis of this foramen and its surgical highlights are emphasized. The study comprised 78 human 
adult dried skulls, which were obtained from the anatomy laboratory of our institution. The greater wing of the 
sphenoid bone was macroscopically observed for the presence of foramen of Vesalius. It was observed that the 
foramen was present in 29 skulls (37.2%). It was seen bilaterally in 13 (16.7%) skulls and unilaterally in 16 (20.5%) 
specimens.Anatomical literature has explained the variation of this foramen by the developmental considerations. 
We believe that the details of this foramen are known to have significant implications for the medical and surgical 
literature. The details are also enlightening to the clinical anatomists and other broad specialties of medicine.This 
sphenoidal emissary foramen contains a bridging vein, which connects the pterygoid venous plexus with the 
cavernous sinus. This communication is clinically important, since an extra cranial infection may sometimes reach 
the cavernous sinus through this foramen, which may lead to cavernous sinus thrombosis. Foramen of Vesalius can 
get injured during the trigeminal nerve block technique performed for the trigeminal neuralgia. In this procedure, the 
foramen can get hurt by a displaced instrument, which would end up in intracranial bleeding, which can spread the 
extracranal infection into the cavernous sinus. This may lead to serious disorders like Tolosa Hunt and Gradenigo 
syndromes. 
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Introduction 
 
The anomalous foramen which is found anteriorly and 
medial to the foramen ovale is considered as the 
foramen of Vesalius (FV). The foramen rotundum is 
situated medial to the FV (1). It is also known as 
sphenoidal emissary foramen, since it contains a 
bridging vessel (2), which communicates the pterygoid 
plexus of veins of the infratemporal fossa with the 
cavernous sinus of middle cranial fossa (3). This 
emissary foramen is considered as one among the 
smaller in the human cranium (4) and is clinically 
important since an extra cranial infection may reach the 
cavernous sinus (5) through this foramen, which may 
lead to cavernous sinus thrombosis. Bergman et al. (6) 
reported that, FV transmits the accessory meningeal 
artery in about 20% of cases. It was observed that a 
tiny, lateral sphenoidal nerve may transmit too in this 
opening (7). Anatomical variants of FV can be 
described by the embryological basis (5). It was 
described that sphenoidal emissary foramen (FV) is 
present unilaterally or bilaterally in 40% of the skulls 
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(8). Andreas Vesalius reported that the existence of this 
foramen is extremely rare; however its significance 
cannot be ignored as the pitfall in the skull base, due to 
its significant morphological variants (4). Though the 
morphology of this foramen is clinically important, 
there are not many reports available in the literature. 
This was the initiative to conduct this investigation, the 
researchers and clinicians examining this foramen may 
have an anatomical reference with this article. The 
objectives of the present investigation were to find the 
prevalence of this foramen and to discuss its 
morphology. The embryological basis and surgical 
highlights are emphasized. 
 
Meaterials and Methods 
 
The present study was performed on human adult dry 
skulls of the collections of the anatomy laboratory of our 
institution. The skulls which could not be evaluated 
bilaterally like the one which were damaged or with 
partly broken surroundings were excluded from the 
present study. The examination comprised 156 sides 
from 78 skulls, of these, 47 belonged to males and 31 
belonged to females. The dorsal aspect of the greater 
wing of sphenoid bone was macroscopically observed for 
the existence of an anomalous foramen (FV) which is 
located between the foramen ovale and foramen 
rotundum. The patencies of foramina were confirmed by 
passing a 24-gauge needle through each of the foramen. 
The prevalence of FV was estimated; the difference 
between the left and right sides and difference with 
respect to gender were analyzed. Few skulls exhibited the 
blind canal and were not considered as FV. The 
morphological frequency of the present study was 
analyzed with the earlier reports which were available. 
 
Results 
 
The present study observed that the foramen was 
present in 29 skulls (37.2%) and was absent in 49 skulls 
(62.8%). The FV was identified anteromedially to the 
foramen ovale in all the specimens (Fig. 1A & 1B). It 
was seen bilaterally in 13 (16.7%) skulls and 
unilaterally in 16 (20.5%) specimens, 9 (11.5%) were 
right sided and 7 (8.9%) were left sided (Table 1). So it 
was observed totally on 42 sides of the skulls, 22 
(28.2%) right sided and 20 (25.6%) left sided. The 
significant difference was not found in the prevalence of 
FV with respect to the side. There was female 
predominance in the incidence (Male: Female; 11: 18) 
compared to male skulls. We did not observe any 
double or multiple foramina among our specimens. The 
confluence between the foramen ovale and the FV was 
not observed in the present study. The data of the 
present study was compared with the reports of earlier 
study and are discussed. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: A) Photograph of the left side of the skull showing 
the foramen of Vesalius (FV) situated anteromedial to 
foramen ovale (FO) in the middle cranial fossa (FS: foramen 
spinosum).  B) closer view (right sided). 
 
Table 1: Side wise and gender wise distribution of foramen of 
Vesalius (n=29) 
 
 
Bilateral 
(n=13, 16.7%) 
Unilateral 
(n=16, 20.5%) 
Right Left 
Total (n=29, 37.2%) 13 9 7 
Male (n=11) 4 5 2 
Female (n=18) 9 4 5 
 
Discussion 
 
The middle cranial fossa anatomy is complex and a 
thorough knowledge of its landmarks is essential in 
order to explore the contents with a minimal risk (2). 
The information on foramina of skull has been 
increasingly important because of the advanced 
radiological investigations like nuclear magnetic 
resonance (NMR) and computerized axial tomogram 
(CT scan). These investigations are making difficult 
diagnosis of pathologic conditions of skull more simpler 
(9). The emissary sphenoidal foramen, noted for the 
first time by Andreas Vesalius, has been explained as a 
tiny variable opening in the sphenoidal greater wing 
(10). When present, this foramen is found anterior and 
medial to the oval foramen, foramen spinosum and the 
carotid canal (4). Vesalius, in his textbook, described 
that the FV ‘is rarely seen unilaterally and much more 
rarely bilaterally’ (11). There is a wide range of 
prevalence of FV reported by various authors. The 
prevalence of FV were reported earlier by Williams et 
al. (12), 8.5%; Wysocki et al. (13), 17%; Kodama et al. 
(14), 21.7% and Reymond et al. (15) in 22% of the 
cases. In contrast, Gupta et al. (5), Shinohara et al. (4) 
and Boyd (16) reported the prevalence rate of 32.8%, 
33.7% and 36.5% respectively. It is observed that the 
prevalence of the present study (37.2%) is consistent 
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with the previous reports. According to Bergman et al. 
(6) and Lang  (7), the foramen can be seen up to 40% of 
cases. It is interesting to note that Ginsberg et al. (17) 
and Kaplan et al. (18) reported very high incidence of 
FV, 71.8% and 100% respectively. This may be due to 
the fact that, Kaplan et al. (18) examined only 10 skulls 
and their sample size was very small to interpret. In the 
present study, the foramen was absent on both sides in 
62.8% of the cases, which is similar to the findings of 
Boyd (16) and Shinohara et al. (4), in their study the 
absence of foramen was observed in 63.5% and 66.2% 
of the cases, respectively. 
 
In the present study, FV was observed bilaterally in 
16.7% of the skulls which is similar to the findings of 
Shinohara et al. (4) and Boyd (16), whose observations 
were 15.5% and 12.5% respectively. The incidence of 
unilateral foramen in the present study was 20.5% of 
which 11.5% found on the right side and 8.9% on left 
side. According to Shinohara et al. (4), the prevalence 
of FV unilaterally was 18.25% of the skulls, among 
them 7.75% were right sided and 10.5% left sided. The 
data of the present study are similar to values found by 
Shinohara et al. (4) and Boyd (16). In Boyd’s (16) 
specimens, 10.6% of FV were right sided and 11.2% 
were left sided. The FV were examined radiologically 
by Ginsberg et al. (17) and its unilateral frequency was 
80%. Few authors (5, 14) stated that the FV is more 
seen bilaterally than unilateral. But in our specimens, 
the incidences of unilateral cases were more than the 
bilateral. The famous text book, “De humani corporis 
fabrica” written by Andreas Vesalius, describes that 
there are no significant difference observed between the 
right and left sided (11). In the present study, FV was 
observed 11.5% cases on right side and 8.9% on left 
side. Kodama et al. (14), observed no significant 
difference with respect to the sides. The present study 
also observed no significant difference between the two 
sides. There was female preponderance among the 
incidence of FV in our specimens compared to male 
skulls. But Kodama et al. (14) reported that no 
remarkable differences were observed between the 
genders. Reymond et al. (15) reported that the FV was 
always single in their specimens. In contrast, the 
presence of a double FV was noted earlier by Shinohara 
et al. (4) in 7 out of 400 skulls. Kale et al. (3) reported 
that, only 4 out of 156 skulls with FV exhibited the 
duplication of the FV. Among the double FV, 3 were 
observed on the right side and 1 was on the left. 
However in the present study, the double or multiple 
foramina were not observed. Shapiro and Robinson (10) 
reported that on some occasions the foramen ovale may 
coalesce with the FV and sometimes the anterior portion 
of the foramen ovale may be considered to be the FV. 
But this kind of morphology was not observed in the 
present study. We believe that the significant 
morphological differences which are observed in the 
present study with the other studies may be because of 
racial variations. 
 
Variability in the morphology of FV can be understood 
by the embryological basis, the sphenoidal greater wing 
has a complicated process during the development and 
the FV is one among the embryological fusion sites 
during the osteogenesis of the sphenoid bone (5). Most 
of the central skull base develops from the 
endochondral type of bone formation and a little 
contribution, comes from the membranous ossification. 
At around 82 days, the whole base of the skull will be 
in cartilaginous form and eventually the ossifying 
process begins from posterior to the anterior. The pre 
and postsphenoid centers which appear during the 14 
and 17 weeks, would lead to the formation of the 
sphenoid bone. There is also a little contribution which 
comes from the ali and orbitosphenoid centers which 
start during the 15 and 16 weeks of gestation 
respectively (19). The greater wings of sphenoid 
develop from the alisphenoid centers. The foramen 
ovale of humans will be covered by a membranous 
bone which has been derived from a medial process 
associated with the scaphoid fossa and a lateral tongue 
like part, the most posterior part of which is 
represented in many cases as a process on the lateral 
margin of the foramen.  FV is the point of fusion 
between the membranous part of the ossification bone 
and the medial cartilaginous part which is given the 
name, ala temporalis (3). The morphologically variant 
foramina and grooves around the foramen ovale region 
can be understood as they arise from the defects in the 
parts of the membranous bone and the bridging venous 
plexus from the middle meningeal vein through 
pterygoid venous plexus (3). Development of the base 
of skull begins after the development of spinal cord, 
cranial nerves, and blood vessels (19). Thus, the 
presence of FV depends on the individual venous 
drainage organization (4). However, the factors 
influencing the formation and presence of foramina 
such as foramen of Vesalius are not known. 
 
The anatomical characteristics and prevalence of FV is 
enlightening to the neurosurgeon and other broad 
specialties of medicine. Shinohara et al. (4) opined that 
the contents of FV can get injured during trigeminal 
nerve block technique done for the trigeminal neuralgia 
which arises due to mandibular nerve pathology. In this 
procedure, the FV can get hurt by a displaced 
instrument, which would end up in bleeding intracranial 
(20) and this was reported in 3.5% of the cases (21). 
These intracranial venous bleedings can spread the extra 
cranial infection into the cavernous sinus, which may 
lead to serious disorders like Tolosa Hunt and 
Gradenigo syndromes. 
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In the radiological study, it has been reported that FV 
can be better observed radiologically by using thin-
sliced horizontal CT images (22). During the 
intervention procedures, the direction, angle and the 
position of the instrument will change due to the 
presence of FV. FV is a very important anatomical 
variation, which has to be noticed by the surgeon since 
it lies close to the foramen ovale, foramen spinosum, 
foramen lacerum and carotid canal (23). Due to all these 
clinical importance, we do believe that the 
morphological details of FV are known to have 
significant implications for the neurosurgery in the 
medical literature. The variation of this foramen was 
explained by developmental considerations. We state 
that the morphological data obtained from the present 
investigation would help the neurosurgeon and 
neuroscientists to boost their idea of this foramen. It is 
important to recognize these variants and related 
neurovascular structures due to their significant 
implications for surgery and other specialties of 
medicine. This variant foramen cannot be overlooked 
during the neurosurgery.   
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